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Tha telesetry cf oceanographic data has received much sttention of

late a8 techaiques #0d equipment have bacoss availadle, Most of _his ertuntion
has teen directed touward general principles, however, with iittle oentlion of
systea details, Much of the eguirzent which bas Seen developed in othar fields
is zpplicadle bere ™t tnere are so=e fectors thst are unique to ocesnography.
Azong thess are - a higtly corrosive enviromoent, extrcaely high pressures

at sooe transducer locations and the necessity for transaitting dats elong ¢
road which sust slsc serve as a mooring. The latter probles £z treated ia dets!

in zoother report, but £t should Se noted bere that it s generslly desirsdle

to place the power required by & tT e at the tr & loceticn for the
precticel resson ShEEt pover TTEDSRIsSEion Owe: WO iies of wire i extresely
{nefficient.

The measuresent of ocean curreats becodes much wore feasiblc vhen o
seaf -peragnent station cen be sat ocut in the desired ares &nd interrogated froz
sbote when phenooens of intorest sre expected to occur. Oze oay kiow imee stel
vhether or not the systea is opersting ~orrectly &=d {f the pbonomenca is preser
1n this way the currcat reters need nct be worked coatizuocusly but only when
sozething of i{nterest is tsking place. Asd sbould the =ooring be lost the
sccomalated dsta 1s not lost with it.

The current seter described {n this article is & direct descendent of
line of currcmt beters 4wvelcped, tested, and used ovar ths past 2 1/2 yesrs
by Dz. M. S. lchardson at Woods Bole Ocesnozraphic Imstitution. Becsuse the

TeguiTedents tor osts teledetry sre entirely citfcrent from those of data storsy
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the interms: workicgs of the telszetering instruvent are guite differemt from
thoss o/ th2 recording instruzents. The transducer systezs (compass, sane snd
Totor asssemdlies), howsver, are alcost identical. Adventage was taken, vherever
soesidle, of housing and construction techniques and co=ponents developed by

Dr. Ricbardsca. Therefore the only "debugging™ required in tae systex vas
relazad to the electronics in tkc cu reat meter, the calibrat’ o of the
transducers having been completeiy worked out. The Richardson current oeter

f¢ Jescrives 1n WHOI Refererce Ro. 62-5. Figure 12 shows the Savonius rotor
calfbration.

The current neter, itself is shown in Figure 1 wvith componeats of
tke various bays indi{cated. Figure 2 iz the circuit diagres., The current meters
2re dlaced {u & oooring, either on conducting cable or polypropylene ropz
fitted with conductors. Alternatively ths curreat ceter =sy be used aboard
skip by lowering to desired Zcpth on conducting line. In the latzer case one
wvould put the eleciricsl output of the curren: mersrs directly on 3 strip chare
recorder such 3s a porzable Sanborn. When the current ceters are used In &
scoring the electrical output 13 fed v *he input circuitry adoard the buoy
add trausaitted to shore.

As 13 the Richardson meter the speed 12 determined by the mumber of
revolutions per unit tise of a Ssvonius rotor. The faforcation is coupled
thrcugh the aluziouz end cap by peans of two sirong, teflon costed, ber magnets
(such as those used for stirring by chemists) vhich drive 2 zggnetic 1olor
follover. The rotor follower &5 shown in F.gure ). The follawer osgnecs

are affixed to one end of #a elusimm cylinder which rides oz carbide and

seppbire bearings. A small light buld {3 placed f{nefde the cylinder 22 le
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top end and the photran looks through & bole in the rotor follover case.

¥hen this bole lines up vith & hole in the rotating slu=mirum cylinder the
photran "sees” the 1ight bulb and puts cut a pulse. These pulses sare stored
in 2 seven level "flip flop™ counter until reed out. Figure & shows the rotor
follower and asscciated circuitry and Figure S shows the flip-flop board.

The current direction is determined frem the difference between the
positions of & sagnetic cozpasz, which registers the orientation of tte
instrument housing and 8 vane wvhich gives the bearing of the current relative
to the bousing. Both the magnetic coopass and magneticaily coupled vane
follower drive seven level Gray binsry discs. Tne positicn of these discs
is determined {n coch unit by a rsdisl line of seven “l{ght pipes” vhich ook
through the disc st a flash tude souated inside tig units and sctivste photrans
wvhen they see light. Thes phorrana (sever sach zis cvgr2ss and vare follover)
sre PRPN light triggered switches wich {l1fke ull FATS ewitchesz) have an
icherent binary memory. They #re coanected §o the citcuit 29 shown in Pigure 2
s0 that 1f their particulsr chamnel in the Gray binsry disc is clear they s=e
light 2od trigger giving en outpur signsl of plus 7.5 voits. 1€ the %roy dise
oazel sbows black the purticuler photran output is sunus 7.% volte. A typical
$vo» toded disc (3 thson o Figure 10. The flip-flops are povercd fn & simila:
denaer piving either plus 7 =inud outputs 30 the? at no time {s & zaro zignal
used to coarvy Jaf-rwst{on - plus signals cesn binary zeros and uinus signale
Sezn binsry v-1. Firpute 6 shows the compass and Figure 7 the vane follower.

AT e t2ts bits sre fed in proper order to the scan switck shown
in Pigures 8 and 5. Thie unit alss comtaing the ca2s and afcroswitches whick

ceatrol the photren clircult power, the flash tube trigger circuit drive notor

pearzr and Shockley power. The system operstes as followse:
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1.

3.

Interrvsite buoy frvws shore bases cranexilter {(ranusl or sutosatic)

Buoy sutomaticslly prograzs rvemaiadar of cycls.

Buoy 3cads & -26 volt D.C. signal wwr the line to all current meters in

the osoring (current metsr: Jza eclectrically in parailei - sechanically in
series. The ouidal of cundesi oatevs 13 (1v{ted oniy by practicsl con-
siderations}.

The -24 VDC signal triggers the Sbochley diode $b % inm the lockup circuit
activezing 2y 1 vhich in turn sctivates Ry &. Thiz relay suppiicr ths
pover (3 voltages) 728 simvltamecusly, & reset pulge to the lHzrmma Kerdan
fiip flop (FF) board so that the rotor counts way te stored.

The -23 VDC signal also triggrs the transixtor switch IR & in the rotor
lize circuit so that the rotor revolutions 3re se¢a b, the FF trigser photrsa
2h 1l as lite pulses through & magnetically coupled lite chopper. As the
Sevonius TotoT spins the lite pulses sre converted by Ph | to electrical pulses
vhich store in the FF board via & Schaitt trigger. The FF board contains
seven flip flops slloving & maxirun count of 127 pulses. Separate pagastic
lite choppers have besn made that supply from 6 pulses per rotor revolution
to 1 pulse per 10 rotor revolrtions so that the totsl counts in thke count
interval ocay be made to fall in a range consistent with efficient use of the
counting circult.

The -24 VDC signal i3 chrotometrically controlled to give en accurate count

interval. This intervsl woild typically fall {c 3 range froz 10 to 90

seconds using &ppropriste lite chopper coupling.
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When the -24 VDC 1s tuined off tne transistor swiich in the rozor iire
circuit extinguishes the rctor lite by cutting off power to Ry 3. Tve
Shockley diode Sh 2, bowever remains conducting due to ies binary aezcry
vhich causes Tel»y Ry 1, and heace  relay XY 2 o recain ciosed so 2714
the stored rotor counts wiil be savailabie for readous, Operattons 2
thirough § occur sioul caneousty in a1} current weters.,

Busy row begins to interrogste each cursent peter iodiviaeally, Eack
current oeter is equipped with o Tesdonanle reed relty tuned to 3 spec: fic
frequeacy, A precisely tuned 12 ¥ audis tone it izpressed on thke l1ne
which activetes the resonasce reed relay By S through 12 and IR2 via tue bose
Fosition of the SCAX SWITCE. After s stort deley detercined %y the valive
2f £5 end R the trams:stor IR3 coracces sceivating Ry 3. The corracts
of Ry 4. when closed Feb2e -7.5 volts cn tre zotor MOl which draves 3¢
Sff i hote fosfticn, The lengeb of tre audio tone i¢ tontrolled »c chas
8% the 0LOT §oey o0ff bove POS1L10n tte sudic zone 1 stopped so tha: che
112 w121 be clear for <s0dactiag the dats bits from che scen switeh, Mow
a8t 8¢ cte metor drives the $TIT SVL2TR (°f 1ty bome posicion 1t ZiCses
the Biiro-svited 51 via o 02 afficed o the moeor yraf:. T2i¢ ewiz > puey
tte -7,5 volzs direstly on the motor .ad Tening ciored until the schac.ng
3¢ cotpiece when 1t ags.n OF€21 tc ¢ cf the scan svitsk om f1g Sowe pceition,
Ecsations ) through 4 cf ths gcqn Vitch are sless Fulses and ere rockea
directl to the -7.5 vole sucply.  Posizions § througr 5 are code TOsitions

used to tzentity che F8TIiculor surtert Teter. These £our bits sliew Lse

of up te 16 curreat Deters in one mooring withour Teprritica of tolde . rdy,
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10.

11.

12.

The code bits are wired directly to the »lus and/or ninus 7.5 volt

supplies dependizg upon the code word dosired, Wiile the scan switen
is scanaing positions 1 through § the motor shafc cazs 1) tutn on the
phocran powor 2nd  2) trigzger the flash tudes \I1 &nd V, locking the
vane and rotor follower orieutation in the pbotran Demory circuit.

The scan switch continues its one revolutionm picking off the 7 fifp flop
cutputs which yields s 7 bit straight binary nunber proportional to
current speed and the 7 cusprss bits and finally che 7 vine follower
bits, The 7 vane bits when cocpares to the 7 comngss dits yield the
magnetic sec of the currenz. Tiese last two 7 bi~ nuabevs are in Gray
binary and mey be co~cared &s Grey dircetly or coueérted {ndividually
to straigh! crurry, decimai binary or magnetic or trus bearing and then
cocpared.

After resding the 32ud dit the photran poser sicroswitch is turned off
and a fcurth wicrosvitehk somentsarily opens the lockup circuit resetiing
the Shockley dicde Sh 2.

The scan svitch returns to "homa™ and the =9tor mic rosviteh §, opens
stoppicg the scan switch on have a2nd returnipg the current seter to its
staadby position. This stendby position of the curreat meter requires

only 2 ¥ cops of current froo zhe contsined supply.

The duoy circuitry then rep steps 7 through 11 for the current seters
rexaining in the ifze. The time required for esch {nterrogstion is
appromiznetely 10 seconds, Hence, the entire interrogation tize for s

string of 10 current eters wuld ba 15 scconds + 10 x 10 secords = 115 seconds.
The progras asy tlen be repested in its entirety or the buoy ead current

neters mey ba left oo standdy untfl further {nformstion (s uestred,
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The current maters ere provided with esough battery power o

cperate (to 1.2 volts/cell end point) once per bour for 1 year. The stenddy

1ife of tle systen is equivalent to the shell l{fe of the battertes,

Fornat

The frequency shift keving (FSK) cethod vas chosen for fts ability
to transait informstion over longer distances with less chance of noise inter-
ference. The coding systed chosen was pulse duration zodulation (PDM) so that
7 bit biansry nunbers could de transmitted 1in such a wey to give a quadrupally
zeduadant code, f.e. the {nformation csn be Jerived frow the received sigr:sl
by four indeperdant decoders sad cospared vith easch other. If the four decoded
signals zgree than the informstion is teken &s real. I1f agres=ent {s not
cosplete then aan stiespt fs made to locate the source of disagreemeat (ususlly
s noise pip;. 1f aa obvicus eource caano: be found then the dets ts disregarded.
A furtber 2id to choosing the correct dats is » parity bit transeitted at the
end of the last code word which tells the abdsolute nu=ber of binsry "ones”™
that were fed to the transmittsr. The oversll usefulzess of the system i3
enbanced {f 3 decoding 2nd scnitoring systco is opersted in psrcllel with ths
Técer.er. In this case, {f the dats 1s found to be untrustworthy the operetor
imded{ately reinterrogates the system in hopes that the disruptinz source was
rendca and will not show up twice in successicn.

The cutput of the curreat seter is sbown in Figure 11A. This cutput,
when trenswitted received #nd discrinminsted, {s skovn in Figure 11B. 3y looking
at the expended secticn of Pigure 113 cne can zoe vhere the quadruple radundeacy
arises. 1If the digc-izinsted signal is centered about zero s&s :ndicated, the

fcur decoders mry cperste &8 follows:
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1) {irs: decnder (integrator) decects signals between 5 arnd 7 units
long on positive side of zerc.

2) second decoder detests signals cetween 1 and 3 upf:s lurg on
pesicive side,

3) third decoder detecss signals between - and S uyaits on negative
side and

4) fourch decoder datects signals between 7 and 9 units long on
oegative side. Coinctidence cirsuiis are mot needed becsuse the progren is
chroocmetrically coutrolled. Printout of the four separate words ii.e. locetton,
FOtor ccunts, co3pass and vane) 1s triggered by s dec..tor whizch cperatsy cn
the negative side and activated By 8 iignal betwees 12 e3d 19 vairs long. The

trs lomg signal ca f1 15 due tc the spaces between words as shown ¢n Figure l1lA.
Bach code word begins with the least significant bis and tbe “spaces” are used
fOr arialout to prevent crosscver of woriz in cesd 1 it 1s piysed.

Ore complere current meter Las been built 2nd tested on fwoconductor
cabie at sea aboard the R.V. CHALA. Readings wore taken st var: s depths in
the Cuif Stiees during March 1962, e difficulties vere encountered and 13
30Te meters sre being marufectured for use 10 a ®ocering this sutum. The
TeaSOUt syste= described atove is now being aszembled «2d we expect to have the
eAtire systex opcrationsl by is.e sucar. Obviously, tn tas. vrre of vark
there are sany possidie scurccs of trouble which caanot Se foreseca and taere
will likely be # ayusber cf ocdifications throcgbwuc the 3ysted before it beccoss
relisble. We feel the curvent Feter 1tsclf, because of previous experience

with {ts prinary :ocponents will be en toeveasiogly usetul tool with only

®incr chenges,
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